To delineate morphologica l characteristics of olfactory lesions induced by vincristine (VCR), a vinca alkaloid derivative with antitumor activity, male BALB/c mice were given a single intravenous injection of 1.95 mg/kg, an estimated 10% lethal dose (designated as day 1). The animals were serially sacri ced on days 2, 3, 5, 10, 15 and 60, and the nasal mucosa was examined histopathologicall y. Cell death was noted in the olfactory epithelia adjacent to the respiratory epithelia from days 2 to 5. In ammatory responses were not detected throughou t the observation periods. Cell death was identi ed as apoptotic by the terminal deoxyribonucleotidy l transferase-mediated dUTP-digoxigeni n nick-end labeling (TUNEL) assay and electron microscopy. Mitotic gures and proliferating cell nuclear antigen (PCNA)-positive reactions were diffusely scattered in both the basal and sensory cells. On days 10 or after, no prominent histological abnormalities were noted in the olfactory epithelia, which suggests the aforementione d lesions were completely recovered. These results demonstrate that it is essential to perform histopathologica l evaluation of the nasal mucosa during an early preclinical stage for novel antitumor drugs, since olfactory lesions due to the certain compound s like VCR may not be detected by any other procedure.
INTRODUCTION
Vincristine (VCR), a vinca alkaloid derivative, is widely used as part of multiagent chemotherapy for the treatment of malignant tumors including Hodgkin's disease and testicular germ-cell tumors. Their antimitotic action is exerted by binding to tubulin, which polymerizes to form intracellular microtubules. Thereby, disruption of the microtubule assembly interferes with the formation of the mitotic spindle and arrests the mitotic cycle (1, 10) .
Undesirable adverse reactions related to the main pharmacological action of VCR are well known. For example, in humans, VCR has been reported to cause myelosuppression, gastrointestinal injury, peripheral neuropathy, and alopecia (1, 2, (8) (9) (10) 15) . On the other hand, in experimental animals such as mice, rats, and dogs, atrophy of the bone marrow, necrosis and atrophy of the hemolymphopoietic tissue, necrosis of the gastrointestinal-tract mucosa, and myelin fragmentation of the peripheral nerves have been reported (3, 7, 20) . To the best of our knowledge, however, there have been no published reports dealing with olfactory lesions due to VCR in mice, a species frequently used in toxicological studies of antitumor compounds. In this study, sequential morphological features of olfactory lesions induced by VCR are investigated using male BALB/c mice upto 60 days after a single administration.
MATERIALS AND METHODS

Animals
Sixty-ve male BALB/c mice at 8 weeks of age were purchased from Charles River Japan, Inc. (Yokohama, Japan). They were housed 4 to 5 animals per wire-mesh cage in an air-conditioned room (temperature 23 2 C; relative humidity 55 15%) with a 12-h light/dark cycle. Basal diet (F-2, Funabashi Farm, Chiba, Japan) and tap water were available ad libitum. The experimental protocol was prepared in accordance with the guidelines of the Institutional Animal Care and Use Committee of Daiichi Pharmaceutical Co., Ltd. (Tokyo).
Chemicals
VCR was purchased from Shionogi & Co., Ltd. (Osaka, Japan) and dissolved in physiologica l saline to make a constant dosing volume of 20 ml/kg.
Experimental Design
Mice were divided into seven groups of seven animals each, which included one control and six VCR-treated groups. Based on the results of our preliminary dose-nding study in male BALB/c mice given a single intravenous injection of VCR, followed by a 14-day recovery period, an estimated 10% lethal dose (LD 10 : 1.95 mg/kg) was selected for this experiment. The VCR solution was administrated intravenously once via the tail vein at an injection rate of 1 ml/min. The day of dosing was regarded as day 1 for the present investigation. In total, 42 animals were sacri ced by exsanguination under ether anesthesia on days 2, 3, 5, 10, 15, and 60 after dosing. Seven mice given physiological saline in the same route served as the vehicle control and were sacri ced on day 2. Immediately after necropsy, the head of each mouse was carefully removed and xed in 10% neutral buffered formalin and then decalci ed with 25% buffered formic acid or 5% ethylenediamine tetraacetic acid (EDTA) in 0.05 M TRIS buffer (pH 7.5) for 14 days. The specimens were trimmed longitudinally at a level of the incisor tooth or transversely at 3 levels, including the upper incisor level (level 1), the incisive papilla level (level 2), and the level between the rst and second molars (level 3), embedded in paraf n wax, cut at 5 l m in thickness, and stained with hematoxylin and eosin (H&E) for histopathological examination (Table 1 and 306 0192-6233/02$3.00 $0.00 3  3  3  3  ---PCNA immunohistochemistr y b  3  3  3  3  ---Electron microscopy  1  1  1 1 ---All sections except for electron microscopic sections were examined by H&E. Mice given physiologica l saline served as the control. -, Not examined. a Number of animals examined. b Nasal tissues of three animals were sectioned transversely and examined by TUNEL assay and PCNA immunohistochemistr y. Figure 6 ). The nomenclature of the ethmoturbinates was according to the classi cation of Mery et al (11) . For the terminal deoxyribonucleotidyl transferasemediated dUTP-digoxigenin nick-end labeling (TUNEL) assay, 12 additional mice given a single dose of VCR were sacri ced on days 2, 3, and 5, and 4 additional mice given physiological saline, which served as controls, were sacriced on day 2. After decalci cation, transverse sections cut at level 3 were treated with 5 l g/ml protenase K (Sigma, Japan) and apoptotic DNA fragmentation was detected using an Apop Tag peroxidase in situ apoptosis detection kit (Intergen Company, New York). Moreover, they were also immunohistochemically stained with proliferating cell nuclear antigen (PCNA) antibody (1: 100, DAKO Japan Co., Ltd., Tokyo) using a HistoMouse-SP kit (ZYMED Laboratories, Inc., CA).
For electron microscopy, the nasal mucosa was xed with 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) and decalci ed with 5% EDTA in 0.05 M Tris buffer (pH 7.5). The specimens were sectioned transversely at level 3, post xed with 1% OsO 4 in 0.1 M phosphate buffer, and embedded in epoxy resin 812. The ultrathin sections were stained with uranyl acetate followed by lead citrate and examined with a transmission electron microscope.
RESULTS
No macroscopic abnormalities around the nostril or nasal cavity were observed in any animal during the observation period. Histopathologically, the olfactory epithelia showed cell death, characterized by condensation and fragmentation of nuclei, in the middle to basal layers of the epithelia and lamina propria on day 2 (Figure 1, a and b ). The olfactory epithelia adjacent to the respiratory epithelia contained cell debris, although the sustentacular (supporting) cells located in the apical layer of the epithelia were intact by light microscopy. Mitotic gures were scattered in the apical layer of the olfactory epithelia, suggesting a regenerative reaction to cell death (Figure 2a ). Cell death was seen in the nasal tissue transversely cut at level 3, and the olfactory epithelia of the 5th and 6th ethmoturbinates contained considerable cell debris on day 2 (Table 2 and Figure 6 ). On day 3 or 5, the lamina propria contained some cell debris, and mitotic gures were sporadically observed in the middle to basal layers of the epithelia (Figure 2 , b and c). Epithelia in squamous and respiratory (pseudostrati ed ciliated and goblet cells) areas of the nasal mucosa remained intact, as did Bowman's glands with the ducts, trabecular bones, and nerve bers in the submucosa. On day 10 or later, no marked histological abnormalities were noted in the nasal mucosa or serous glands. In amma- tory responses to cell death were not observed throughout the experimental period.
In the TUNEL assay of the ethmoturbinate, numerous fragmented nuclei revealed positive staining in the olfactory epithelia ( Figure 3) . The TUNEL-positive nuclei were located in the basal layer and occasionally scattered in the apical layer. The histological grade of TUNEL-positive cells was also moderate in the 5th and 6th ethmoturbinates on day 2, but other ethmoturbinates did not have positive cells on day 5 ( Table 2) .
Immunohistochemical staining with PCNA antibody elicited a positive reaction in nuclei of the basal and sensory cells at level 3 (Figure 4) . The PCNA-positive cells were seen on days 2 to 5 and the frequency of positive cells was highest on day 5 ( Table 2) . Electron-microscopic examination of the ethmoturbinates showed that most olfactory and globose basal cells possessed apoptotic bodies (Figure 5a ), which were sometimes phagocytized by supporting cells (Figure 5b) .
In contrast, immature sensory cells of the vomeronasal organ at levels 1 and 2 also contained cell debris on day 2. The nasal serous glands showed vacuolar degeneration and focal acinar cell necrosis with neutrophil in ltration between days 3 and 5. Myelin degeneration and vacuolation of the intracranial trigeminal (peripheral) nerve bers were observed on days 10 to 60. Almost all changes just mentioned, except for those of the trigeminal nerve, recovered by day 60.
DISCUSSION
Among the numerous investigations on toxicities related to vinca alkaloids (1-3, 7, 8-10, 15, 20) , although there have been several reports on the lesions in the sensory organs such as the retina and cochlea (4, 7) , toxic effects on the nasal epithelia have not been reported. The cause of retina and ototoxicities due to VCR was considered to involve its pharmacological action of inducing disruption of the microtubule assembly (4, 17) . In the present study, cell death was mainly noted in the olfactory epithelia adjacent to the respiratory epithelia. This change was identi ed as apoptosis by the presence of both fragmented nuclei stained positively with the TUNEL assay and apoptotic bodies observed by electron microscopy. Apoptotic cells disappeared on day 10 after a single administration of VCR.
Concerning the extrapolation of our mouse data to humans, since VCR is administered repeatedly or intermittently in clinical medicine, it may be necessary to evaluate the potential nasal toxicity of VCR in mice using the same dosing regimens used in humans to delineate sequelae of toxic changes and interspecies differences in VCR toxicity. Although VCR at the LD 10 dose level evoked olfactory epithelial apoptosis in BALB/c mice, the potential toxic response in humans could be latent. Furthermore, with regard to a dose response for VCR in mice, the further work will be needed. Alternatively, the ndings obtained in this study indicate that histopathological evaluation of the nasal mucosa is essential to evaluate the toxicity of novel antitumor compounds in the early stage of their development.
Characterization of lesion location is important during assessment of the mechanism of action and for appropriate interspecies extrapolations. Although the blood ow to the respiratory epithelia is clearly greater than that of the olfactory epithelia (12, 14) , the lesions induced by VCR were restricted to the olfactory epithelia, including the sensory and basal cells. Olfactory epithelia adjacent to the respiratory epithelia of ethmoturbinates are most sensitive to VCR-induced apoptosis, and the 5th and 6th ethmoturbinates located caudally and ventrally in nasal cavity are consistent with the distribution of the lesions in the present study. Histological changes of the nasal epithelia have been reported in animals inhaling of a wide variety of compounds, and almost all types of epithelial cells are injured (11, 12) . Unfortunately, reports dealing with the nasal olfactory lesions induced by systematically administered antitumor compounds are limited, and little description concerning apoptosis in olfactory epithelia has been reported so far. Meanwhile, local tissue susceptibility to xenobiotics has been reported, sometimes related to site-speci c metabolism, which also plays a crucial role in the tissue concentration of the parent compound, or toxic metabolites (11) . Supporting cells and Bowman's glands are known to be affected in nasal lesions induced by compounds in relation to localized metabolism (11, 12) . We speculate that local concentration of VCR at olfactory mucosa and cell susceptibility may be related to the distribution of VCR-induced apoptosis without involvement of localized metabolism.
Morphologically, the olfactory epithelia are composed of four cell types: sensory, supporting, globose basal, and horizontal basal cells (12, 13) . The globose basal cells divide most rapidly and differentiate into sensory cells (6, 16) . Apoptosis of the sensory cells was reported to be caused by axotomy or bulbectomy, which elicited the interruption of the axonal transport by microtubules (18, 19) . Taken together, the reason that apoptosis occurred only in the olfactory epithelia may be explained by the fact that olfactory sensory cells possess numerous microtubules in their axons and can rapidly divide (5, 6, 16) . While the pathogenesis of the observed apoptosis is unclear, VCR toxicity was shown to be highly selective to sensory cells in nasal epithelium.
